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DEVICE FOR MEASURING THE PRESSURE IN A GAS MIXTURE 
Background Information 

The present invention relates to a device for measuring the 
pressure in a gas mixture, according to the definition of the 
species in Claim 1 . 

A known device for measuring the absolute pressure of air (DE 
31 22 861 Al) has an amperometric sensor working on the 
limiting diffusion current principle, called a polarographic 
measuring cell there, which is made up of an oxygen ion- 
conducting solid electrolyte element and two electrodes 
situated on opposite sides of the solid electrolyte element, 
of which the electrode operated as a cathode is exposed to the 
air that is to be measured via a porous diffusion layer that 
covers the electrode. A constant direct voltage is applied to 
the electrodes. As a result of the electrochemical reduction 
of the oxygen, the latter is used up at the cathode. The 
concentration gradient of the oxygen thus created, brings 
about a diffusion current of oxygen through the diffusion 
layer. The concentration gradient is the controlling factor 
for the reduced oxygen quantity, and thus for the measuring 
signal. The pores in the diffusion layer preferably have a 
diameter that is small compared to the mean free path of the 
oxygen molecules. The transport of the oxygen ions, under 
these conditions, takes place above all by the so-called 
Knudsen diffusion, in which a strong pressure dependency of 
the diffusion current, and thus of the measuring signal, comes 
about. The device is also equipped with controlled heating. 
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which heats the sensor or the measuring cell to a constant 
temperature above about 600° C. 

Summary of the Invention 

5 

The device according to the present invention for measuring 
gas pressure, having the features of Claim 1, has the 
advantage that it measures very accurately the pressure in a 
gas mixture in which the concentration or the mole fraction of 

10 gas components is not constant, as is the mole fraction of 

oxygen in the air, but fluctuates as a function of time, and 
it does this by holding the mole fraction of a gas component, 
which is being drawn upon for the pressure measurement, to 
100% constant, upstream of the diffusion barrier, at least 

15 during the measuring phase, thus at the diffusion barrier 
there is present the pure gas component drawn upon for the 
pressure measurement . The measured value of the amperometric 
sensor is determined by the mass flow J of the gas component 
that diffuses through the diffusion barr:ier. In the case of 

20 the Knudsen diffusion, since the mass flow J is equal to the 
product of the diffusion coefficient D of the diffusion 
barrier and the partial pressure of the gas component being 
drawn upon P(GK), and this, in turn, is equal to the product 
of the total pressure P of the gas mixture, the mole fraction 

25 of the gas component x(GK) and the diffusion coefficient D of 
the diffusion barrier, and thus 

J « D'P(GK)= D'k(GK) -P 

30 appl i es , because the mole fraction x(GK) upstream of the 
diffusion barrier is held to 100% constant, and diffusion 
coefficient D, at a suitable design of the diffusion barrier, 
is independent of total pressure P, the total pressure is 
proportional to the mass flow, and thus also to the measured 


NYOl 1102814 vl 


I 


value of the amperometric sensor. The gas component drawn upon 
for the pressure measurement is preferably a gas component 
contained in the gas mixture, but it may also be a gas 
component that first forms at the amperometric sensor, for 
5 instance, by the splitting off of oxygen ions of water 

components contained in rich exhaust gas. The device according 
to the present invention is suitable for high temperatures and 
suitable for use in measuring the gas pressure in hot exhaust 
gases of internal combustion engines. 

10 

The features set forth in the additional claims make possible 
advantageous refinements of and improvements to the gas 
pressure measuring device described in Claim 1 . 

15 According to one preferred specific embodiment of the present 
invention, the means for fixing the 100% mole fraction of the 
gas component include a storage volume for the gas component, 
that is connected upstream of the diffusion barrier, in the 
solid electrolyte, that is shut off from the gas mixture by a 

20 diffusion path, and include two electrodes mounted on the 

solid electrolyte which, when a corresponding constant voltage 
is applied, pump molecules of the gas component all the way 
through the solid electrolyte into the storage volume, so that 
the storage volume is filled exclusively with the pure gas 

25 component. If oxygen is drawn upon as the gas component for 
pressure measurement, and the outer electrode exposed to the 
gas mixture, such as the exhaust gas of an internal combustion 
engine, is operated as an anode, then at the three-phase 
boundary of solid electrolyte, electrode and gas mixture a 

3 0 reduction takes place of the oxygen to oxygen ions, which are 
conducted through the solid electrolyte and are oxidized back 
to elemental oxygen at the anode . 
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According to one advantageous specific embodiment of the 
present invention, the diffusion barrier has a porosity that 
is required for a so-called Knudsen diffusion. Such a Knudsen 
diffusion is achieved if the diameter of the pores of the 
5 diffusion barrier is small compared to the mean free path of 
the gas component molecules, for instance, of the oxygen 
molecules. As was mentioned above, the diffusion coefficient 
of the diffusion barrier is then independent of the total 
pressure of the measured gas . 

10 

According to one advantageous specific embodiment of the 
present invention, the diffusion path is laid out in such a 
way that it has a low pressure gradient, that is, a very low 
pressure drop over the diffusion path. The diffusion path is 
15 thus permeable enough to make possible a pressure adjustment 
between the storage volume and the gas mixture, and 
nevertheless prevents the gas mixture from getting into the 
storage volume. 

2 0 The storage volume and the diffusion path may be implemented 
in different ways, according to additional specific 
embodiments of the present invention. Preferably, the storage 
volume is created by a chamber formed in the solid electrolyte 
which borders directly on the diffusion barrier. The diffusion 

25 path is formed by a second porous diffusion barrier made of 
ceramic material, such as aluminum oxide (AI2O3) , which 
delimits the chamber from the exhaust gas. The second 
diffusion barrier can be subdivided into partial barriers, in 
this context, between which there is a cavity in each case. 

30 The diffusion path may also be formed by at least one extended 
channel. Likewise it is possible to design the diffusion path 
and the storage volume as a unit, to be made of a porous 
ceramic . 
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According to one advantageous specific embodiment of the 
present invention, the electrodes for pumping the gas 
components are additional electrodes, of which one is situated 
as an additional electrode operated as a cathode within the 
5 storage volume, for instance, in the chamber, and the other 
additional electrode operated as an anode is exposed to the 
gas mixture, and a direct voltage is applied to the additional 
electrodes. This has the advantage that the pressure 
measurement is able to be carried out continuously, that is, 
10 without interruption. In this context, one electrode can 

advantageously be saved, by putting together the additional 
electrode operated as an anode with the electrode of the 
amperometric sensor that is not blocked off shielded by the 
diffusion barrier. 

15 

According to an alternative specific embodiment of the present 
invention, the electrodes of the amperometric sensor are drawn 
upon as electrodes for the pumping of the gas component, and 
for this purpose, before the actual pressure measuring phase, 
2 0 the electrode voltage is reversed in polarity in such a way 

that the electrode facing the diffusion barrier operates as an 
anode. This has the advantage that one may do without 
additional electrodes and their corresponding supply leads - 
There is a certain disadvantage in that the pressure 

2 5 measurement can only be carried out discontinuously in those 

phases in which the electrode, of the amperometric sensor, 
facing the diffusion barrier is being operated as a cathode. 

According to one advantageous specific embodiment of the 

3 0 present invention, the exhaust gas of an internal combustion 

engine in motor vehicles is used as the gas mixture, and 
oxygen is used as the gas component drawn upon for the 
pressure measurement. This application of the device for 
exhaust gas pressure measurement yields a series of 
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advantageous application possibilities in the vehicle. In this 
way, the measuring accuracy of lambda probes used, which is a 
function of the pressure, may be improved by compensation of 
the pressure dependency. Furthermore, by the exhaust gas 
5 pressure measurement, the control of the exhaust gas 

recirculation may be improved, in the boost -pressure control 
the exhaust gas counterpressure may be limited, the monitoring 
of a Diesel particulate filter may be improved and the 
detection of the degree of saturation of Diesel particulate 
10 filters may be improved by measuring the absolute pressure, 
since knowledge of the absolute pressure of the exhaust gas 
makes possible a more exact determination of the flow 
resistance of the Diesel particulate filter . 

15 The device according to the present invention for gas pressure 
measurement is especially, advantageously applicable in a 
sensing element for determining the oxygen content of the 
exhaust gas of internal combustion engines, so-called lambda 
probes, especially broadband lambda probes- In this 

20 connection, there is the problem that the probe signal is a 

function of the exhaust gas pressure, and the measuring error 
caused by this has to be compensated for. The device according 
to the present invention is particularly easily integrated 
into such sensing elements, since a major part of the 

25 component parts of the sensing element is able to be used for 
the functionality of the device for the gas pressure 
measurement, and, this being the case, only a slight 
additional expenditure is required for the gas pressure 
measurement. In this context, both a continuous operation of 

3 0 the pressure measurement device is possible, so that during a 
running lambda measurement the gas pressure may also be 
continuously measured and the lambda measurement may be 
continuously corrected, and a discontinuous operation is also 
possible, in which the gas pressure measurement is carried out 
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only at intervals, that is, in response to temporarily- 
interrupted lambda measurement. Whereas in the last case, 
besides the formation of the oxygen storage volume and the 
diffusion path in the solid electrolyte, no additional 
5 component parts and supply lead are required for the pressure 
measurement, in the first case, additionally, one electrode 
and one supply lead to this electrode are required. 

According to alternative specific embodiments of the 
10 discontinuous operation, either the reference electrode and 
the outer pump electrode or the internal and external pump 
electrode is drawn upon for pumping oxygen into the reference 
channel, in the first case, and in the second case into the 
storage volumes, developed at the measuring chamber, and 
15 enclosed by diffusion barrier and diffusion path, for which an 
appropriate voltage is applied to the electrodes discussed . 
Thereafter, the polarity of the voltage is reversed, and the 
limiting current that flows between the electrodes of the pump 
cell is measured. In the time interval of the pressure 
20 measurement, the lambda measurement of the sensing element is 
interrupted. 

Sensing elements, preferably broadband lambda probes, having 
an integrated device for gas pressure measurement, are 

25 mentioned in Claims 15-20. Such sensing elements have the 
advantage that, besides the exact measurement of the lambda 
value, the additional advantages, explained above, because of 
the integrated measuring device, can still be used, with 
reference to the boost -pressure control and the Diesel 

3 0 particulate filter monitoring, without having to install 
separate pressure sensors - 

Brief Description of the Drawings 
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The present invention is described in more detail in the 
following in terms of exemplary embodiments shown in the 
drawings. The figures show in schematic illustration: 


Fig. 1 a cross section of a device for gas pressure 

measurement having continuous pressure 
measurement , 


Fig. 2-4 in each case, the same representation as in 

Figure 1, of a modified device for gas 
pressure measurement according to three 
exemplary embodiments , 


Fig. 5 a cross section of a device for gas pressure 

measurement having discontinuous pressure 
measurement , 


Fig. 6 a longitudinal section of a broadband lambda 

probe having an integrated pressure 

measurement device for continuous pressure 
measurement , 


Fig. 7 a longitudinal section of a broadband lambda 

probe having an integrated pressure 
measurement device for discontinuous pressure 
measurement , 


Fig. 8 a longitudinal section of a broadband lambda 

probe having an integrated pressure 
measurement device for discontinuous pressure 
measurement . 


Description of the Exemplary Embodiments 
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The device for measuring the pressure in a gas mixture, shown 
in schematic form in Figure 1, has an amperometric sensor 10 
that operates according to the limiting current principle. 
This sensor 10 measures the concentration of a gas component, 
5 for instance, the oxygen concentration in the exhaust gas of 
an internal combustion engine. Amperometric sensor 10 has a 
solid electrolyte 11 and two electrodes 12, 13 mounted on the 
solid electrolyte 11, as well as a porous diffusion barrier 
14, in which the diameters of the pores are small compared to 

10 the mean free path of the gas component whose concentration is 
being measured. Because of this porosity, a so-called Knudsen 
diffusion takes place in diffusion barrier 14, whereby the 
diffusion coefficient of diffusion barrier 14 becomes 
independent of the total pressure of the gas mixture . Of the 

15 two electrodes 12, 13, a first one is situated outside on 
solid electrolyte 11, whereas the second is situated in a 
cavity 15 that is developed in solid electrolyte 11, which is 
enclosed by diffusion barrier 14. In this context, diffusion 
barrier 14 may also be mounted directly on electrode 13, so 

20 that cavity 15 drops out. A constant direct voltage is applied 
to the two electrodes 12, 13 and this is done in such a manner 
that outer first electrode 12 is operated as an anode, and 
second electrode 13 positioned in cavity 15 is operated as a 
cathode. Into the circuit of the two electrodes 12, 13 that 

25 are connected to voltage source 16, a measuring resistor 17 is 
inserted from which a voltage proportional to the limiting 
current flowing in the circuit can be picked off. To simplify 
the description, in the following, the manner of operating of 
amperometric sensor 10 for measuring the oxygen concentration 

3 0 in the exhaust gas of an internal combustion engine is 
described, the concentration of any gas component, for 
instance, even hydrogen, in any gas mixture being able to be 
recorded . 
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When a direct voltage is applied to electrodes 12, 13, the 
measuring signal of amperometric sensor 10 that is able to be 
picked off at measuring resistor 17 is determined by mass flow 
J of the oxygen that passes through diffusion barrier 14 . This 
5 mass flow is calculated as 

J = D • P(02) = D ' x(02) • P, 

D being the diffusion coefficient of diffusion barrier 14, 

10 P(02) the partial pressure of the oxygen, P the total pressure 
of the exhaust gas and x(02) the mole fraction of the oxygen. 
Since Knudsen diffusion takes place in diffusion barrier 14 
because of the selected pore size, diffusion coefficient D is 
independent of total pressure P, and the measuring signal is 

15 proportional to the partial pressure of the oxygen P(02). In 

the sensor described, the mole fraction of the oxygen x(02) in 
front of diffusion barrier 14 is fixed at 100%, so that pure 
oxygen is present in front of diffusion barrier 14. That being 
the case, mass flow J is directly proportional to total 

20 pressure P of the exhaust gas, and the limiting current 

flowing over measuring resistor 17 is a measure for total 
pressure P of the exhaust gas. The fixing of the mole fraction 
of the oxygen x(02) at 100% is performed by providing a storage 
volume 18 for oxygen that is directly adjacent to diffusion 

25 barrier 14 in solid electrolyte 11, which is connected to the 
exhaust gas via a diffusion path 19, and additional measures 
are taken to pump oxygen all the way through solid electrolyte 
11 into storage volume 18, so that in storage volume 18, the 
mole fraction of the oxygen x(02) is held to 100%, at least 

3 0 during the pressure measurement phase of the device, that is, 
storage volume 18 is filled with pure oxygen. Diffusion path 
19 is designed so that it has a low pressure gradient, and 
because of this, a pressure adjustment is possible between 
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storage volume 18 and the exhaust gas, and that it prevents 
diffusion of the exhaust gas into reservoir 18. 

In the exemplary embodiment of Figure 1, storage volume 18 is 
5 made available by a chamber 40 developed between diffusion 

barrier 14 and diffusion path 19 in the solid electrolyte, and 
diffusion path 19 is formed by a porous diffusion barrier 41 
made of ceramic material, such as aluminum oxide {AI2O3) . 
Instead of the one diffusion barrier 41, several diffusion 

10 barriers 41 ',41" may be situated one after the other, a cavity 
42 being present in each case between the individual diffusion 
barriers (Figure 2) . Diffusion path 19 may also be implemented 
by one or more elongated channels 43, which, by appropriate 
design of their cross section and their length are sufficient 

15 for the requirements of diffusion path 19 (Figure 3) . Storage 
volume 18 and diffusion path 19 may be developed as a unit, 
for example, as a filler piece 44 made of ceramic material, 
such as aluminum oxide (AI2O3) , which is directly adjacent to 
diffusion barrier 14 (Figure 4) . 

20 

In order to pump oxygen into storage volume 18 or chamber 40, 
two additional electrodes 20, 21 are mounted on solid 
electrolyte 11, in the exemplary embodiment according to 
Figure 1, in such a way that the one additional electrode 20 

2 5 is exposed to the exhaust gas and the other additional 

electrode 21 is situated in chamber 40. Using a voltage source 
22, a constant direct voltage is applied to the two additional 
electrodes 20, 21 in such a way that additional electrode 21 
that is situated in chamber 40 functions as an anode and 

3 0 additional electrode 2 0 that is exposed to the exhaust gas 

functions as a cathode. At the three-phase boundary of solid 
electrolyte 11, additional electrode 20 and exhaust gas, there 
takes place a reduction of oxygen to oxygen ions, which is 
passed through solid electrolyte 11 and is oxidized back again 


NYOl 1102814 vl 


11 


to elemental oxygen at additional electrode 21. In this 
manner, oxygen is constantly being pumped into chamber 40. 
Second diffusion barrier 41 which forms diffusion path 19 is 
designed in such a way that it has a low pressure gradient, 
5 that is, a low pressure decline or pressure loss over the 
diffusion path. Because of this design of second diffusion 
barrier 41, the latter is permeable enough to produce, on the 
one hand, a pressure compensation between chamber 4 0 and the 
exhaust gas, and, on the other hand, to prevent diffusion of 

10 the exhaust gas into chamber 40. The oxygen diffuses all the 
way through first diffusion barrier 14 and reaches electrode 
13 of amperometric sensor 10. At the three-phase boundary of 
solid electrolyte 11, electrode 13 and oxygen, the oxygen is 
again reduced to oxygen ions, which wander all the way through 

15 solid electrolyte 11, and are oxidized back to oxygen again at 
first electrode 12 of amperometric sensor 10. First diffusion 
barrier 14 is responsible for converting each arriving oxygen 
molecule directly to oxygen ions, so that in cavity 15 an 
oxygen concentration near zero always prevails. The oxygen ion 

20 transport through solid electrolyte 11, the so-called mass 
flow J, brings about a limiting current flowing through 
measuring resistor 17 which, according to the above comments, 
is a measure of the total exhaust gas pressure. 

25 In the exemplary embodiment as in Figures 2-4, the 

positioning of electrodes 12, 13 and additional electrodes 20, 
21 is undertaken in the same way as in Figure 1. Additional 
electrode 21, in this context, is always situated in storage 
volume 18, which is a chamber bordered by diffusion barrier 14 

3 0 and diffusion path 19 in the exemplary embodiments of Figures 
2 and 3. In the exemplary embodiment of Figure 4, the 
'"chamber" is filled in by the porous ceramic material of 
diffusion path 19 developed as diffusion barrier 41. The 
ceramic material, for instance, aluminum (AI2O3) covers 
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additional electrode 21 and extends all the way to diffusion 
barrier 41. 

The exemplary embodiment of the device for the measurement of 
5 gas pressure, shown in Figure 5, is modified to the extent 
that the additional electrodes having a voltage source have 
been eliminated, and, for pumping oxygen into storage volume 
that is again made available by a chamber 40, electrodes 12, 
13 of amperometric sensor 10 are used, and the latter has to 

10 be switched over at intervals from a measuring phase, in which 
the gas pressure is measured, to a pumping phase, in which 
chamber 40 is filled with pure oxygen. For this purpose, a 
schematically shown switching device 23 is provided, by whose 
switchover the two electrodes 12, 13 of amperometric sensor 10 

15 are able to be operated alternately as an anode or as a 

cathode. For the pumping of oxygen, switching device 23 is 
switched in such a way that second electrode 13 is operated as 
an anode and first electrode 12 is operated as a cathode, so 
that pure oxygen is pumped into cavity 15 and all the way 

2 0 through diffusion barrier 14 into chamber 40, as described 

above. For pressure measurement, switching device 23 is now 
switched back from the switching position shown in Figure 5, 
so that first electrode 12 is operated as an anode and second 
electrode 13 is operated as a cathode. Because of this, as was 
25 stated in Figure 1, oxygen ions wander from electrode 13 all 
the way through solid electrolyte 11 to first electrode 12, 
and the limiting current setting in thereby, in the circuit of 
electrodes 12, 13, is a measure of the total pressure of the 
exhaust gas. The advantage of this device is that additional 

3 0 electrodes 20, 21 including supply leads may be saved. To be 

sure, only a discontinuous operation is possible, in which 
alternately oxygen is pumped and the exhaust gas pressure is 
measured. Naturally, the design of storage volume 18 and 
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diffusion path 19 in the exemplary embodiment of Figure 5 may 
be undertaken as shown in Figures 2 , 3 and 4 . 

The device for gas pressure measurement described above in 
5 various exemplary embodiments is particularly suitable for use 
in internal combustion engines of motor vehicles, since it is 
integrated especially easily into the lambda probes used there 
for exhaust gas measurement, and offers the following 
advantages : 

10 

The lambda signal, which is a measure for the concentration of 
oxygen in exhaust gas, is a function of gas pressure, and 
consequently is prone to error. Using the gas pressure device, 
the exhaust gas pressure is able to be measured, and the error 

15 compensated for. In internal combustion engines having exhaust 
gas recirculation, the control of the exhaust gas 
recirculation may be improved by knowing the exhaust gas 
pressure. Likewise, in boost -pressure control, the exhaust gas 
counterpressure is able to be limited. In Diesel engines 

20 having Diesel particulate filters, the monitoring of the 

Diesel particulate filters may be monitored because of the 
measurement of the exhaust gas pressure. In this context, the 
detection of the degree of saturation may be greatly improved 
by supplementing the pressure difference signal measured by 

25 the usual pressure sensors with an absolute pressure signal 
measured using the gas pressure measuring device, since the 
flow resistance of the Diesel particulate filter may be 
determined more accurately . 

30 Figures 6-8 show schematically three exemplary embodiments 
of a so-called broadband lambda probe having an integrated 
pressure measurement device. Since the lambda probe itself 
represents an amperometric sensor 10, it may be drawn upon by 
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minor modifications to measure the pressure of the exhaust gas 
at the same time. 

As is known, amperometric sensor 10 has a solid electrolyte 11 
5 produced as a layer composite made of yttrium-stabilized 

zirconium oxide (Zr02) / using which a so-called pump cell 24 
and a concentration cell or Nernst cell 25 is constructed. For 
the construction of pump cell 24, a measuring chamber 26 is 
provided, in solid electrolyte 11, which is separated from an 

10 exhaust gas access hole 28 by a diffusion barrier 27. On the 
surface of solid electrolyte 11 there is an outer pump 
electrode 3 0 that is covered by a porous protective layer 29, 
and in the interior of measuring chamber 26 on solid 
electrolyte 11 there is situated an internal pump electrode 31 

15 of pump cell 24. For the design of Nernst cell 25, in solid 
electrolyte 11 a reference gas channel 32 is provided, in 
which a reference electrode of Nernst cell 2 5 is exposed to a 
pumped oxygen reference. A Nernst or measuring electrode 34 of 
Nernst cell 25 is situated in measuring chamber 26 on solid 

20 electrolyte 11. In addition, in solid electrolyte 11 there is 
also present a heating device having an electrical heat 
conductor 36 that is embedded in an insulation 35, such as 
aluminum oxide (AI2O3) . The way of functioning of the broadband 
lambda probe is known, and described, for example, in DE 199 

25 41 051 Al. 

In the exemplary embodiment in Figure 6, the continuously 
measuring gas pressure measurement device according to Figure 
1 is integrated in that reference gas channel 32 is provided 
3 0 with an opening 3 7 charged with exhaust gas, and in reference 
gas channel 32, between this opening 37 and reference 
electrode 33, diffusion path 19 and storage volume 18, that is 
arranged upstream of it in the direction of reference 
electrode 33, are developed for oxygen. Storage volume 18 is 
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in turn made available by a chamber 40, and diffusion path 19 
is designed as porous diffusion barrier 41 having a small 
pressure gradient. In reference gas channel 32, on the side of 
reference electrode 33 facing away from diffusion path 19, 
5 electrode 13 is situated on solid electrolyte 11, and it is 
used together with outer pump electrode 3 0 for measuring 
pressure, so that in comparison to Figure 1, outer pump 
electrode 30 of pump cell 24 fills the same function as 
electrode 12 of amperometric sensor 10. Measuring resistor 17 

10 is situated in supply lead 38 to electrode 13- Electrode 13 is 
separated by diffusion barrier 14 from chamber 4 0 that 
accommodates reference electrode 33. Together with outer pump 
electrode 30 of pump cell 24, reference electrode 33 
implements the oxygen pumping into chamber 40, so that there 

15 is always 10 0% oxygen present in the latter . 

The gas pressure measuring device working with discontinuous 
pressure measurement, according to Figure 5, is integrated in 
each case in the lambda probes according to Figures 7 and 8 . 
2 0 In both exemplary embodiments the actual lambda probe for 
exhaust gas measurement is designed identically to that in 
Figure 6, so that equal component parts are provided with the 
same reference numerals. 

25 In the exemplary embodiment of Figure 7, same as in exemplary 
embodiment of Figure 6, reference gas channel 32 is provided 
with an opening 37, which is charged with exhaust gas. Between 
opening 37 and reference electrode 33, in reference gas 
channel 32, diffusion path 19 (diffusion barrier 41) and 

30 storage volume 18 (chamber 40) arranged in front of it is 
formed. Storage volume 18 (chamber 40) is separated from 
reference electrode 33 by diffusion barrier 14 having the 
Knudsen diffusion. As was described for Figure 5, the oxygen 
pumping all the way into chamber 40 takes place here by the 
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corresponding wiring of outer pump electrode 3 0 of pump cell 
24 and of reference electrode 33, so that, compared to Figure 
5, outer pump electrode 30 of pump cell 24 and reference 
electrode 33 fills the function of electrodes 12, 13 of 
5 amoerometric sensor 10. For the measurement of the exhaust gas 
pressure, as described for Figure 5, the voltage potentials at 
outer pump electrode 3 0 and reference electrode 33 are 
switched over. 

10 In the exemplary embodiment of the lambda probe having an 

integrated pressure measuring device according to Figure 8, 
pump cell 24 is drawn upon at intervals for measuring gas 
pressure. In order to do this, in solid electrolyte 11, a 
connecting channel 39, having a channel opening 391 towards 

15 the exhaust gas, is produced to measuring chamber 26, in which 
diffusion path 19 and storage volume 18 arranged in front of 
it, in the direction of measuring chamber 26, are developed 
for oxygen- Diffusion path 19 is designed as a porous 
diffusion barrier 41, made of ceramic material, and storage 

20 volume 18 is designed as chamber 40. Knudsen diffusion takes 
place in first diffusion barrier 14. Second diffusion barrier 
41, once again, has a pressure gradient that is as low as 
possible, so that a pressure adjustment between chamber 40 and 
the exhaust gas can take place. As in the lambda probe 

25 according to Figure 7, here too the gas pressure measurement 
takes place in short -time intervals in which the lambda 
measurement is interrupted. The gas pressure measurement takes 
place as described in connection with Figure 5, the two pump 
electrodes 30, 31 of pump cell 24 taking over the function of 

30 electrodes 12 and 13 in Figure 5, and, during the gas pressure 
measurement, a switchover is undertaken of the voltage applied 
at electrodes 30, 31 from the pumping phase to the measuring 
phase - 
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